head. By aligning our head and eyes with the desired direction of travel, it is possible to steer accurately [7, 8] . In summary, there is considerable redundancy in the information provided by RF, VD, and ERD, and a steering system based on a combination of all three should be were therefore able to examine the changes in control manipulate VD and RF to determine their contribution strategy as the quality of optic flow was degraded, and toward steering a curved path in the presence of ERD.
Figure 1. Examples of the Displays during the Nighttime and Daytime
These show conditions when RF (textured ground), VD (emblem), and ERD information was available. Note that the edges of the display were moved to always keep the target gate centered but that the whole display was displaced to offset the target from the observer by the correct degree on every frame; this gave rise to ERD when the target was tracked. Bias was introduced by rotating the ground texture around the point of fixation (RF) or by rotating the emblem around the observer (VD). p Ͻ 0.001). As day turned to night, the mean error in flow became more salient, the participants relied upon the biased emblem less; therefore, errors decreased the biased trials was reduced, indicating that the control strategy shifted from using RF to relying more on the (F ( , and 18Њ (blue, purple, and red, respectively), jittered by Ϯ1Њ, and the three thick lines are the modeled paths for these heading angles. We modeled steering behavior by using an equation that generated the rate of change of steering response ( ) based on a combination of the three perceptual inputs that were estimates of the degree of rotation of the ground or target as perceived by the observer. Because the rotation components of RF, VD, and ERD are all functions of observer speed, target distance, and steering angle, there is no need to explicitly detect these parameters, but the model acts as an attractor to the point of gaze fixation that is scaled for speed and distance: ϭ k(␤ 1 RF ϩ ␤ 2 ERD ϩ ␤ 3 VD) Ϫ b . A first approximation applies equal weighting (␤ 1-3 ) to the three sources. The combined outputs are scaled by the response speed (k ) of the steering system, and a damping factor (Ϫb ) is introduced to the current rate of turning ( ) to model the physical properties of the locomotor device. The final control experiment removed sky and ground from the display so that no RF information was available. This provided baseline performance using only extra-retinal egocentric direction (ERD) and demonstrated the extent of error caused by VD bias in the absence of RF.
